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$R$ $A,$ $B$ $(A, B)$ $ABM$ $M,$ $N\in$
$AMB$ $M$ $N$ $(A, B)$ ${}_{A}Hom_{B}(M, N)$
$A$ $B$ $\eta$ : $Aarrow B$
$B$ $A$




$B$ $A$ $I_{X}$ $X$
$C\in AAM, \triangle\in {}_{A}Hom_{A}(\mathcal{C}, C\otimes_{A}C) , \epsilon\in {}_{A}Hom_{A}(C, A)$
$\mathcal{C}arrow^{\triangle}C\otimes_{A}C$
$\triangle| \downarrow I_{C}\otimes\triangle$
$C\otimes_{A}CC\overline{\triangle\otimes I_{C}}\otimes_{A}C\otimes_{A}C$ $A\otimes_{A}CC\overline{\epsilon\otimes I_{C}}\otimes_{A}Carrow CI_{C}\otimes\epsilon\otimes_{A}A$
$C$ $A$ $\triangle$ $C$ $\epsilon$ $C$
1
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$M\in AMB, M\rho\in {}_{A}Hom_{B}(M, C\otimes_{A}M) , \rho^{M}\in {}_{A}Hom_{B}(M, M\otimes_{B}\mathcal{D})$
$C\otimes_{A}M M\otimes_{B}\mathcal{D}$





$C\otimes_{A}M M\otimes_{B}\mathcal{D} C\otimes_{A}Marrow A\otimes_{A}M\epsilon_{C}\otimes I_{M}$
$I_{C}\otimes\rho^{M}\backslash \gamma_{M}\rho\otimes I_{\mathcal{D}}$
$C\otimes_{A}M\otimes_{B}\mathcal{D}$
$M$ $(C, \mathcal{D})$ $M\rho$ $\rho^{M}$ $M$
















2.1. $A,$ $B$ $\mathcal{C}$ $A$ $\mathcal{D}$ $B$ $M,$ $N\in cM^{\mathcal{D}},$ $f\in {}_{A}Hom_{B}(M, N)$
$C\otimes_{A}M\otimes_{B}\mathcal{D}C\otimes_{A}N\otimes_{B}\mathcal{D}\overline{I_{C}\otimes f\otimes I_{\mathcal{D}}}$
$M\rho$ $\rho^{M}$ $M$ $N\rho$ $\rho^{N}$ $N$
$Q(f)=(^{N}\rho\otimes I_{\mathcal{D}})\circ\rho^{N}\circ f-(^{N}\rho\otimes I_{\mathcal{D}})\circ(f\otimes I_{\mathcal{D}})\circ\rho^{M}$
$-(I_{C}\otimes\rho^{N})\circ(I_{C}\otimes f)0^{M}\rho+(I_{C}\otimes f\otimes I_{\mathcal{D}})\circ(I_{C}\otimes\rho^{M})0^{M}\rho$
$Marrow C\otimes_{A}N\otimes_{B}\mathcal{D}$
$Q(f)=$ ( $f$ )–(f $\otimes I$ )
$-$ ( $I_{C}\otimes f$ ) $+$ (IC $\otimes$ f $\otimes I$ )
2.2. $A,$ $B$ $C$ $A$ $\mathcal{D}$ $B$ $M,$ $N\in c_{M}$ $f\in {}_{A}Hom_{B}(M, N)$
$Q(f)=0$ $f$ $M$ $N$ $M$ $N$
GCoder$(M, N)$ ${}_{A}Hom_{B}(M, N)$ $R$
2.3. $A,$ $B$ $C$ $A$ $\mathcal{D}$ $B$ $L,$ $M,$ $N\in c_{M^{\mathcal{D}}},$ $f\in {}_{A}Hom_{B}(M, N)$
(1) $g\in cHom^{\mathcal{D}}(L, M)$ $Q(fog)=Q(f)og$
(2) $h\in c_{Hom^{\mathcal{D}}(N,L)}$ $Q($ of$)=(I_{C}\otimes h\otimes I_{\mathcal{D}})\circ Q(f)$
2.3 ${}_{A}Hom_{B}$
GCoder : $(^{c}M^{\mathcal{D}})^{op}\cross c_{M^{\mathcal{D}}}arrow M_{R}$
$M_{R}$ $R$
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$C=\mathcal{D}$ 2.4 $(C, C)$
$M$ $C$ (coderivation) $f\in {}_{A}Hom_{A}(M, C)$
$C\otimes_{A}M$
$\Delta$ $C$ $M\rho$ $\rho^{M}$ $M$
$\triangle\circ f=(f\otimes I_{C})\circ\rho^{M}+(I_{C}\otimes f)0^{M}\rho$
$f$ $M$ $C$ Coder $(M,C)$
2.4. $A$ $C,$ $M\in cM^{C},$ $f\in {}_{A}Hom_{A}(M, C)$
$\triangle$ $C$ $\epsilon$ $C$ $M\rho$ $\rho^{M}$ $M$
(1) $f\in$ GCoder$(M, C)$
(2) $f-(\epsilon of)_{L}\in$ Coder$(M, C)$ $(\epsilon of)_{L}$
$M _{}M\otimes_{A}C (\epsilon\circ f)\otimes I_{C} A\otimes_{A}Carrow^{\nu}C$
$\nu$
$\epsilon.$
(3) $\Delta\circ f-(f\otimes I_{C})\circ\rho^{M}-(I_{C}\otimes f)0^{M}\rho\in cHom^{C}(M, C\otimes_{A}C)$
(4) $\Delta\circ f=(f\otimes I_{C})\circ\rho^{M}+(I_{C}\otimes d)\circ^{M}\rho$ $d\in$ Coder$(M,C)$
(5) $\Delta\circ f’=(f\otimes I_{\mathcal{C}})0\rho^{M}+(I_{C}\otimes f")\circ^{M}\rho$ $f’,$ $f”\in {}_{A}Hom_{A}(M,C)$
Nakajima [7] 2.4 (3) $f$ Nakajima
[6] Bre\v{s}ar [1]
2.4 (4) Leger-Luks [5]
2.4 (5)
2.5. $A$ $C$ $M\in^{C}M^{C}$
GCoder$(M, C)=$ Coder$(M, C)\oplus {}_{A}Hom^{C}(M, C)=$ Coder$(M, C)\oplus^{C}Hom_{A}(M,C)$
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3.
Doi [3] (universal coderivation)
3.3













3.3. $A,$ $B$ $C$ $A$ $\mathcal{D}$ $B$ $M,$ $N\in cM^{\mathcal{D}}$
$c_{Hom^{\mathcal{D}}(M,\mathcal{U}(N))}\ni f\mapsto u_{N}\circ f\in$ GCoder$(M, N)$
$R$
$\mathcal{D}$ (opposite coring) $\mathcal{D}^{cop}$ $B$ (opposite algebra)
$B^{op}$ $A\otimes_{R}B^{op}$ $C\otimes_{R}\mathcal{D}^{cop}$ $\mathcal{U}(C\otimes_{R}\mathcal{D})$
$(C\otimes_{R}\mathcal{D}^{cop}, C\otimes_{R}\mathcal{D}^{cop})$ $M\in cM^{\mathcal{D}}$ $C\otimes_{R}\mathcal{D}^{cop}$
3.4. $A,$ $B$ $C$ $A$ $\mathcal{D}$ $B$ $M\in cM^{\mathcal{D}}$ $(\mathcal{C}, \mathcal{D})$
$\mathcal{U}(M)\simeq \mathcal{U}(C\otimes_{R}\mathcal{D})\coprod_{C\otimes R}$ cop $M$
4.
$A,$ $B$ $\mathcal{C}$ $A$ $\mathcal{D}$ $B$ $M,$ $N\in cM^{\mathcal{D}}$
GCoder$(M, N)\supseteq c_{Hom_{B}(M,N)}+{}_{A}Hom^{\mathcal{D}}(M, N)$
$M,$ $N\in cM^{\mathcal{D}}$
GCoder $(M, N)=^{C}Hom_{B}(M, N)+{}_{A}Hom^{\mathcal{D}}(M, N)$
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$C,$ $\mathcal{D}$
[2] $C$ $Carrow C\otimes_{A}C$ $(C, C)$
$\mathcal{C}$ $A$
4.1. $A,$ $B$ $C$ $A$ $\mathcal{D}$ $B$ $M,$
$N\in c_{M^{\mathcal{D}}}$





(3) $M,$ $N\in c_{M^{C}}$
GCoder$(M, N)=c_{Hom_{A}(M,N)}+{}_{A}Hom^{C}(M, N)$
REFERENCES
[1] M. Bre\v{s}ar, On the distance of the composition of two derivations to the generalized derivations,
Glasgow Math. $J$., 33 (1991), 89-93.
[2] T. Brzezi\’{n}ski and R. Wisbauer, Corings and Comodules, Cambridge University Press, Cambridge,
2003
[3] Y. Doi, Homological coalgebra, J. Math. Soc. Japan, 33 (1981), 31-50.
[4] H. Komatsu, Generalized derivations of bimodules, to appear in Intemat. J. Pure Appl. Math.
[5] G. F. Leger and E. M. Luks, Generalized derivations of Lie algebras, J. Algebra, 228 (2000), 165-203.
[6] A. Nakajima, On categorical properties of generalized derivations, Scientiae Math., 2 (1999), 345-
352.
[7] A. Nakajima, On generalized coderivations, to appear in Intemat. Electric J. Algebra.
160
